Introduction {#sec1-1}
============

Coronaviruses are a family of RNA viruses, ranging from agents causing the common cold to severe acute respiratory syndrome (SARS). Most coronaviruses are not dangerous, but some of them can cause serious respiratory disorders. Middle East respiratory syndrome (MERS)- and SARS-related coronaviruses are responsible for respiratory complications.\[[@ref1]\] The SARS disease appeared for the first time in 2003, whose outbreak claimed the lives of many victims. The MERS-related coronaviruses also appeared for the first time in 2012 and caused high mortality in countries in the Middle East, Africa, Asia, and Europe.\[[@ref2]\] Recently, the World Health Organization (WHO) identified a novel coronavirus disease (COVID-19) called SARS-CoV-2 that was first reported from Wuhan, China, on December 31, 2019, which resulted in the deaths of many people.\[[@ref2]\] The new coronavirus of SARS-CoV-2 is a new viral strain that is pathogenic to humans and causes novel coronavirus disease-2019 (COVID-19) in humans.\[[@ref3]\] The outbreak of COVID-19 disease has become a main epidemic warning in the world. On January 30, 2020, the outbreak of COVID-19 was declared a Public Health Emergency of International Concern.\[[@ref4]\] On March 16, 2020, the COVID-19 outbreak and coronavirus cases have been reported by more than 151 countries. According to the WHO report, China, Italy, Iran, the Republic of Korea, Spain, and France countries had the highest reported cases of the coronavirus disease.\[[@ref5]\]

In a study by Lu *et al*., SARS-CoV-2 is genetically similar to two other coronaviruses: SARS-CoV-1 (about 79% of genomic similarity) and MERS (about 50% of genomic similarity).\[[@ref5]\] Given that SARS-CoV-2 has a structure similar to SARS-CoV-1, the COVID-19 infection may have a pathogenesis similar to SARS-CoV-1 infection.\[[@ref6][@ref7]\]

Coronavirus causes respiratory symptoms such as cough, sore throat, runny nose, fever, and sometimes gastrointestinal symptoms such as abdominal pain and diarrhea. The incubation period of coronavirus is up to 14 days during which it can be infectious and transmissible.\[[@ref8][@ref9]\] The most common symptoms of COVID-19 infection are fever and cough, and the majority of patients have abnormal chest computed tomography (CT) scan. A number of patients also suffer from myalgia, fatigue, diarrhea, hemoptysis, headache, sore throat, shock, and acute respiratory syndrome. The most recent meta-analysis results in COVID-19 patients reported the presence of symptoms including fever (89.1%), cough (72.2%), fatigue (42.5%), acute respiratory syndrome (14.8%), abnormal chest CT scan (96.6%), very severe cases (18.1%), and an overall mortality rate of 4.3%.\[[@ref10]\]

Because pregnant women are known to be at high risk for various diseases, and given the global prevalence of COVID-19, as well as the lack of information on coronavirus and pregnancy outcomes, this review study aimed to investigate the association between coronavirus and perinatal outcomes in pregnant women.

Materials and Methods {#sec1-2}
=====================

In the present review article, the search process on the published articles evaluating coronavirus and perinatal outcomes in pregnant women was conducted on English and Persian scientific databases of PubMed, Scopus, Google Scholar, Magiran, Irandoc, Iranmedx, and SID as well as the websites of international organizations of WHO and Centers for Disease Control and Prevention (CDC) using the main keywords of "Pregnancy", "Perinatal outcomes," "Coronavirus," "COVID-19," "MERS-CoV," "SARS-CoV-2," and "SARS-CoV-1" and their Persian-equivalent keywords from inception until March 16, 2020. Inclusion criteria were the insertion of the searched keywords in the title section and keywords of the articles. Many of the search efforts generated duplicate studies, or studies that were not linked to the study, which were not considered in this study. In addition, the reference section of relevant articles and systematic reviews was manually checked to identify additional articles missed by electronic search. In the process of extraction, one of the authors reviewed both the title of the articles and the abstract to determine its suitability for inclusion. Finally, the results of nine studies or guidelines with a focus on COVID-19 have been reported qualitatively \[[Figure 1](#F1){ref-type="fig"}\].
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Results {#sec1-3}
=======

Studies on COVID-19 included one study and recommendations for pregnant women by the CDC. Due to the \<2 months after the outbreak of COVID-19, the findings of studies on mothers with COVID-19 were limited, so the findings of studies on other coronaviruses such as SARS are also reported.

In a study by Chen *et al*. on pregnant women with COVID-19, there was no evidence on the presence of SARS-CoV-2 in pregnancy products or in neonates of mothers with COVID-19. This study examined nine pregnant women with COVID-19 pneumonia at Zhongnan Hospital in Wuhan, China, who were admitted from January 20 to January 31, 2020, aimed at evaluating clinical symptoms in pregnancy and intrauterine infection caused by vertical transmission of COVID-19 infection. In this study, clinical signs of pregnant mothers, results of laboratory tests, and chest CT scan were retrospectively evaluated. The presence of SARS-CoV-2 virus was assessed in amniotic fluid, umbilical cord blood, and neonatal throat swab specimens. Breastmilk samples were also collected and tested after the first lactation. The findings of this study showed that all the nine patients had cesarean section in the third trimester, and seven of the nine mothers had a fever. Other symptoms included cough (*n* = 4), myalgia (*n* = 3), sore throat (*n* = 2), and weakness (*n* = 2). Five of the nine patients had lymphopenia. None of the patients had severe infection or death by February 4, 2020. No asphyxia was observed in the neonates, and the 1-min Apgar score of the nine infants was 8--9 and their 5-min Apgar score was 9--10. The samples of amniotic fluid, umbilical cord blood, and throat swabs from neonates and breastmilk of six patients were tested for SARS-CoV-2, and all samples showed negative results.\[[@ref11]\]

According to the CDC, there is currently no information available on the susceptibility of pregnant women to COVID-19. Admittedly, pregnant women may be more susceptible to viral respiratory infections, including COVID-19, due to immunological and physiological changes. Pregnant women may also be exposed to more severe illness and morbidity and mortality than the general population, as they are more susceptible to other coronavirus infections, including SARS-CoV and MERS-CoV, and other viral respiratory infections, such as the flu.\[[@ref12]\] The CDC also stated that no information was available on the adverse pregnancy outcomes in pregnant women with COVID-19. However, in cases of infection with other associated coronaviruses, such as SARS-CoV and MERS-CoV during pregnancy, the adverse pregnancy outcomes include miscarriage and stillbirth. Elevated fever in the first trimester of pregnancy can also increase the risk of congenital disorders.\[[@ref11]\]

In a study, Wang *et al*. (2004) compared pregnancy and nonpregnancy outcomes in ten pregnant women and forty nonpregnant women with SARS who had positive SARS-CoV-1 results. The results showed that the pregnant women generally had worse outcomes than nonpregnant women. Among pregnant women, five were in the first trimester and five in the second and third trimesters (26--32 weeks), none of whom had any specific disease. Four patients experienced abortion, and four patients had preterm labor after the second trimester (26--33 weeks). None of the five newborns had SARS-CoV infection, but three had preterm complications. Clinical manifestations in two similar groups were fever and chills, nausea, restlessness, diarrhea, myalgia, headache, dyspnea, chest pain, sore throat, and cough. The prevalence of viral pneumonia in the pregnant women was higher than that in the general population. The pregnant women also had significant complications, including acute kidney failure, sepsis, and disseminated intravascular coagulation. The pregnant women needed more intensive care than nonpregnant women (60% vs. 17.5%), and 40% of the pregnant women and 12.5% of the nonpregnant women needed mechanical ventilation with positive end-expiratory pressure. There were three deaths in the pregnant women group. All women survived in the nonpregnant group. Duration of hospitalization in the pregnant women was longer than that in the nonpregnant women (27 days vs. 17.3 days).\[[@ref13]\]

In Qiao\'s study, pregnant women were vulnerable to respiratory infections and pneumonia, which probably makes them more vulnerable to COVID-19 than the other people, especially if they have chronic disorder. For that reason, in strategies focusing on the management and prevention of COVID-19, pregnant women and their babies should be considered key at-risk persons.\[[@ref14]\] Rasmussen *et al*. stated that health systems for managing pregnant women with COVID-19 infections need more information on pregnancy status and also prenatal and perinatal outcomes. They mentioned that in the context of the spread of the COVID-19, health systems must be alert and able to control outbreaks. In addition, the basic care for pregnant women with COVID-19 and acute respiratory disease needs to be implemented forceful in a team-based care model.\[[@ref15]\]

The first reported case of COVID-19 in a pregnant woman was a case presentation by Wang *et al*. The case is a 28-year-old pregnant mother with COVID-19 who was 30-week pregnant. The mother was in severe atypical pneumonia based on chest CT scan finding. There was no variability of fetal heart rate during monitoring, and fetal movements decreased. She delivered a healthy baby by emergency cesarean section. A preterm baby was delivered with Apgar scores at 1 and 5 min of 9 and 10, respectively. The baby had no evidence of COVID-19.\[[@ref16]\] In a study, Liu *et al*., COVID-19 cases were reported in pregnant women and their newborn infant in Wuhan, China. In their study, three pregnant women with COVID-19 infection in late pregnancy were described. Two mothers had cesarean section delivery in the third trimester. All women showed successful outcome. No newborns became infected during delivery or vertical transmission.\[[@ref17]\]

In guidelines by Favre *et al*., for pregnant women with suspected SARS-CoV-2 infection, it was stated that infants delivered from mother who were infected by COVID-19 should be isolated for at least 14 days, and during this time, direct breastfeeding is not suggested.\[[@ref18]\] Liu *et al*. reported the clinical manifestations of 15 pregnant women with COVID-19 pneumonia. The common symptoms were fever (13/15), cough (9/15), and lymphocytopenia (12/15). Successful delivery happened in 11 cases, and 4 cases are still in pregnancy. All newborns were healthy and no severe pneumonia occurred.\[[@ref19]\]

Discussion {#sec1-4}
==========

Given the limited studies available on COVID-19 during pregnancy, the CDC believes that being aware of the adverse consequences of other respiratory viral infections may be helpful. Other respiratory viral infections during pregnancy, such as acute respiratory syndrome and influenza, have been associated with neonatal side effects including low birth weight and preterm labor. In addition, the presence of cold or high fever flu in early pregnancy may increase the risk of congenital disorders in newborns. Infants of mothers with other coronavirus, SARS-CoV, and MERS-CoV infections are born premature and small for gestational age.\[[@ref12]\]

The prevalence of viral pneumonia in pregnant women was higher than that in the general population.\[[@ref20]\] The mortality rate in the 1918 epidemic influenza was 30%--50%.\[[@ref21]\] The mortality rate of pregnant women was twice as high as that of nonpregnant women in the Asian flu outbreak of 1950.\[[@ref22]\] The worse consequences for pregnant women can be due to the physiological changes in the immune and respiratory mechanisms in pregnancy. A reduction in cell-mediated immunity has been reported in pregnant women.\[[@ref23][@ref24]\] Maternal lymphocytes in the second and third trimesters of pregnancy show a marked decrease in response to stimulatory antigens. There is also a decrease in active natural killer cells. The association of the immunosuppressive system with pregnancy can be a stage for uncontrolled coronavirus proliferation.

In the second and third trimesters, the uterus raises the diaphragm up to 4 cm.\[[@ref25]\] There is a decrease in expiratory reserve volume and residual volume in pregnancy and a 9.5%--25% reduction in functional residual capacity. Total lung capacity is also reduced throughout the term. In addition, the need for oxygen increases by 20%.\[[@ref25]\] Thus, patients with coronavirus may have worsened maternal hypoxia, leading to premature labor and higher mortality in the affected women.\[[@ref13]\]

Concerning mother-to-child vertical transmission of the virus infection, the COVID-19-related virus appears to be mainly transmitted through close contact with the infected person via respiratory droplets. Detailed information is unavailable on whether a pregnant woman with COVID-19 can transmit the virus to her fetus or newborns by other vertical transmission routes (before, during, or after delivery).\[[@ref12]\] However, in a series of recent limited cases of neonates born to mothers with COVID-19 published in literature, a sample of neonatal throat swabs showed a virus-negative result.\[[@ref11]\] Furthermore, the virus has not been detected in amniotic fluid or breastmilk samples. Limited information is available on the vertical transmission for other coronaviruses (MERS-CoV and SARS-CoV), and vertical transmission has not been reported for these infections.\[[@ref12]\]

The CDC reports indicate that human-to-human transmission occurs through close contact with a patient with COVID-19, and is thought to be transmitted mainly through respiratory droplets, especially when the patient is coughing or sneezing. In the limited cases reported to date, no evidence of the virus has been found in the breastmilk of mothers with COVID-19, so there is no information on the transmission of COVID-19-related virus through breastmilk. In the limited reports of breastfeeding women with SARS-CoV, the virus has not been detected in the breastmilk. However, anti-SARS-CoV antibody was found in at least one sample.\[[@ref12]\]

Preventive actions of coronavirus disease-19 for pregnant women {#sec2-1}
---------------------------------------------------------------

The CDC states that given that the interpersonal transmission of COVID-19-related virus has been observed in close contacts, pregnant women can avoid the risk of infection through routine preventive measures, such as washing their hands frequently and avoiding contact with affected people.\[[@ref11]\] There is currently no vaccine to prevent COVID-19. The best strategy for disease prevention is to avoid exposure to the virus. However, as a reminder, the CDC always recommends daily preventive measures to prevent the spread of respiratory diseases, including washing hands with soap and water for at least 20 s; avoiding eye, nose, and mouth touch; and keeping a distance of at least 1 m (3 feet) between yourself and any person coughing or sneezing.\[[@ref26][@ref27]\]

Other preventive measures recommended by the WHO and CDC include covering mouth and nose mainly with disposable tissues or the inside of an elbow when coughing and sneezing. Just like the masks used, immediately put the used tissue into the trash can and wash your hands. The infected individuals will shed fewer viruses into the air around themselves by wearing masks, which potentially reduce the risk of others getting infected. For uninfected people, the effects of the mask are less pronounced because they usually are not sealed tight around the nose and mouth. Do not share foods, mugs, utensils, towels, or bedding with other people or pets in your home and wash all high-touch surfaces everyday by a spray cleaner, including counters, tabletops, doorknobs, bathroom fixtures, toilets, phones, keyboards, tablets, and bedside tables. Further, clean any surfaces that may have blood, stool, or body fluids on them. Use a household cleaning spray or wipe, according to the label instructions. Immediately seek medical care if you have fever, cough, and difficulty breathing.\[[@ref26][@ref27]\] However, limited information is available on COVID-19 infection because the disease is new. The results of this study could be a promising perspective on the care of pregnant women with this infection, given the widespread prevalence of the disease and the limited study on COVID-19, especially on pregnant women.

Conclusion {#sec1-5}
==========

Limited information is available on pregnant women with COVID-19, but pregnant women may be more susceptible to viral respiratory infections, including COVID-19, due to immunological and physiological changes. Therefore, pregnant women should take routine preventive measures, such as washing their hands frequently and avoiding contact with infected people, to prevent infection.
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